Morichales are lowland streams in South American savannas with riparian forest dominated by the moriche palm (Mauritia flexuosa). We sampled littoral habitats from ten flooded vegetated patches (dominated by Mauritiella aculeate) and six sand banks in two months of the dry season (Feb-Mar 2005) in a stream in the savannas of Apure State, Venezuela. We collected samples that compromised 12,407 individual fishes of 107 species. Small-bodied fishes (< 100 mm), representing diverse trophic and life history strategies, were abundant. The most abundant species were in the families Characidae and Cichlidae. Fish assemblages from flooded vegetated patches differed significantly from those on adjacent sand banks. High structural complexity along vegetated shoreline habitats of morichal streams likely contributes to species richness and affects assemblage composition.
Introduction
Habitat complexity plays an integral role in community dynamics, ecological interactions, and coexistence of species (MacArthur, 1972; Gorman & Karr, 1978) . Structurally complex habitats generally support a higher diversity of organisms because they provide refugia from predators and substrate to support food resources (Crook & Robertson, 1999) . Structural components important in freshwater ecosystems include large woody debris derived from riparian vegetation, macrophytes, rocky outcroppings, and leaf litter.
In Neotropical freshwaters, some structurally-complex habitats have been relatively well-studied. For example, in the Amazon river the várzea, i.e., floodplain area submerged by water for at least a few months each year and dominated by plants adapted to hypoxic conditions, is one of the main habitat types contributing to the maintenance of Neotropical fish diversity (Goulding, 1980; Araujo-Lima et al., 1986; Petry et al., 2003) . In floodplain rivers in the Venezuelan llanos (seasonally-inundated plains of the Orinoco), fish diversity has been shown to increase with greater habitat complexity, such as in rocky outcroppings and areas of high leaf litter (Willis et al., 2005; Arrington & Winemiller, 2006) .
The aquatic ecosystems known as morichales have received relatively little attention in Neotropical regions. Morichales are lowland gradient streams dominated by riparian forest of moriche palm (Mauritia flexuosa, Arecaceae). Mauritia palms are mostly restricted to lowlands of the Amazon and Orinoco basins along the shorelines of blackwater rivers (González-Boscán, 1987) . A smaller relative, the morichito palm Mauritiella aculeata (Arecaceae) (Uhl & Dransfield, 1987) , also grows along the inundated margins of blackwater streams and rivers in the savanna regions (Camaripano-Venero & Castillo, 2003) . In Venezuela, morichal streams are more abundant in the Eastern Llanos of Venezuela and their fish fauna have not been well-studied (González-Boscán, 1987; Antonio-Cabre & Lasso, 2003) .
Here we describe fish assemblages from a small Neotropical morichal stream in southwestern Apure State, Venezuela, during two months of the dry season. We compared fish assemblages from flooded vegetated habitats (dominated by morichito palm) with those from sand banks, and discuss those characteristics of the vegetated areas that contribute to a rich fish fauna.
Material and Methods

Study Site
The study was conducted in Caño La Guardia, a moderate blackwater, floodplain morichal stream in the State of Apure, southwestern Venezuela (6°32'N 67°24'W and 6º49'N 67º37'W) (Fig. 1) . Caño La Guardia has a forested riparian zone, but open grassland dominates much of the drainage basin. In the wet season (May to October) the riparian forest and adjacent savanna are flooded, and organisms are dispersed widely throughout the floodplain (Lowe-McConnell, 1987; Rodriguez & Lewis, 1997) . The dry season is associated with continuously falling water levels, forcing organisms into the main channel and associated littoral habitats (Arrington & Winemiller, 2006) .
We sampled two different littoral habitat types as part of this study: flooded vegetated areas dominated by stands of morichito palm and sandbanks. Vegetated habitats were defined as having > 90% of coverage by large woody debris derived from riparian vegetation (mainly morichito palms), grass, and leaf litter. These habitats had a moderate or slow current (< 0.05 m/s) and depth ~ 1 m. Sand banks were defined as sandy beaches in the main channel (> 95% coarse-sand substrate) with depth ~ 1 m and moderate current (< 0.06 m/s).
Sampling methods
Sampling was conducted during February and March 2005 (dry season). For each of the two habitat types, sampling was conducted during daylight hours. Ten vegetated patches and six sand banks were sampled each month. In vegetated habitats, fish were sampled with a seine (6.4 x 1.2 m with 4 mm mesh) which was extended from shore at ~ 1 m depth and hauled directly toward the morichal edge. The seine was passed three times in non-overlapping areas at each of the ten flooded sites. We also used a dipnet to collect fishes where access with the seine was difficult (due to submerged woody debris). Samples from both seine and dipnet were combined for vegetated patches.
On sand banks, the same seine was oriented parallel to the shoreline at ~ 1 m depth and was hauled directly toward shore. At each site, three non-overlapping hauls were made and combined for one composite site sample. Dipnet samples were not taken from beaches, as these sites lacked structurally complex habitats and thus dipnet samples did not produce additional species. All fishes were identified to species, enumerated, and measured to the nearest 1.0 mm standard length (SL). Voucher specimens are archived in the Museo de Ciencias Naturales at UNELLEZ Guanare, Venezuela. 
Statistical Analysis
Fish assemblage structure was estimated for each habitat type and included: total specimens collected for each habitat (N), species richness (S), Shannon diversity index (H'), and Shannon' equitability (Evenness, E) (Krebs, 1989) . The Shannon diversity index is based on the formula: H' = -p i (log 10 p i ); where p i is the proportion of individuals found in the ith species; and Evenness was calculated as E = H'/ lnS. A t-test was used to test for significant differences in response variables between habitat types.
To compare fish assemblage similarity/dissimilarity among habitats based on species presence/absence, we used nonmetric multi-dimensional scaling (MDS). MDS constructs a 2-dimensional ordination in a manner that best represents relationships among samples in a similarity matrix (Clarke & Warwick, 2001) . Similarity matrices were calculated using the Bray-Curtis similarity index (Bray & Curtis, 1957) . Analysis of similarities (ANOSIM; Clarke & Warwick, 1994) , a non-parametric analog of MANOVA, was used to test for differences in species composition among habitat categories. Similarity percentage analysis (SIMPER; Clarke & Warwick, 1994) was performed to identify species accounting for significant differences.
Results
Collections resulted in total of 12,407 fish specimens, representing 29 families and 107 species (Table 1) . The order Characiformes numerically dominated both habitat types, but there was a trend of more Perciformes and Siluriformes in vegetated sites ( Table 2 ). The most diverse families were the Characidae with 32 species, followed by Cichlidae with 17 species. A total of 107 species were found in both habitats combined, with a total of 92 species in vegetated habitats and 66 on sand banks. Species richness was significantly higher in vegetated habitats (mean+/-SD; 30.2 +/-5.9) than sand banks (24.3+/-7.0) (t = 2.57; df = 30; P = 0.015). Measures of species diversity in vegetated habitats (H' = 1.57; E = 0.84) were higher than for sand banks (H' = 1.50; E = 0.74). Sand banks had the higher number of individuals collected (t = -4.26; df = 30; p < 0.001).
Assemblage composition of the two littoral habitats was significantly different (ANOSIM, P < 0.001, R = 0.9; Fig.  2) . Analysis of species' presence/absence showed significant differences between vegetated habitats and beaches. Fourty species were unique to vegetated habitats, whereas fifteen were unique to sand banks. Species typically associated with the vegetated habitats included small invertivorous cichlids (e.g., Apistogramma sp. A, Crenicichla aff. wallacii, and Mikrogeophagus ramirezi), small invertivorous doradid catfishes (e.g., Scorpiodoras heckelii and Amblydoras spp.) and small characids (e.g., Hemigrammus elegans and H. stictus). On beaches, the most common species were small-bodied pelagic characids (e.g., Moenkhausia spp., Bryconops spp., Hemigrammus spp.) that often display preferences for open water (Arrington & Winemiller, 2006) .
Discussion
Morichales are considered important systems for the maintenance of freshwater Neotropical fauna in lowland savannas (Marrero et al., 1997; Antonio-Cabre & Lasso, 2003) . The present work suggests that flooded vegetation habitats along morichal Caño La Guardia are important to a fish fauna composed largely of small-bodied cichlids, characins, lebiasinids, and silurids. Even though sand banks were characterized by a greater number of total individuals (which was perhaps a function of enhanced sampling efficiency on sand banks), species richness was significantly higher in vegetated habitats.
The importance of vegetated patches along streams has been well documented in temperate (Grenouillet & Pont, 2001; Growns et al., 2003) as well as tropical regions (Araujo-Lima et al. 1986; Petry et al., 2003) . Submerged macrophytes, woody debris, and other vegetated structures produce considerable variation in structural complexity in littoral zones and provide habitat for young fishes that use the submerged roots as refugia from predation and for foraging. These two factors are probably responsible for the higher species richness found in vegetated habitats along morichal La Guardia.
Dense stands of vegetated patches may be essential for survival and maintenance of populations of prey taxa that need to avoid predators, especially during the dry season when predator densities increase (Lowe-McConnell, 1987; Layman & Winemiller, 2004) . Submerged vegetation is known to mediate predator-prey relationships via increased structural complexity (Crowder & Cooper, 1979) . For example, high macrophyte or submerged woody density can decrease predator efficiency by reducing visual contact with the prey (Werner et al., 1983) . Despite the fact that we did not quantify large predator densities in this particular study, large-bodied piscivores such as Cichla spp., Hydrolycus spp., and Serrasalmus spp. are abundant (Montaña Fig. 2 . Non-multi-dimensional scaling (MDS) ordination depicting similarity/dissimilarity of fish assemblages from flooded vegetation (open triangles) and sand bank habitats (inverted closed triangles). Each symbol represents one sampling site. Relative distance among symbols represents the relative similarity/dissimilarity of assemblage composition from the site based on presence/absence data. et al., Unpublished data), similar to the high densities of predators of the nearby Cinaruco River (Layman & Winemiller, 2004; . In structurally complex habitats, specialist species also can exploit specific food resources to which they are morphologically or physiologically adapted to utilize (Willis et al., 2005) . For example, in vegetated patches we found a relatively high abundance of small cichlids and doradid catfishes with different body shapes and feeding habits (e.g., Apistgramma hoignei, Physopyxis ananas). But small omnivorous characids with less-diversified body morphologies (Characidae), such as tetras of the genera Moenkhausia spp. and Hemigrammus spp., dominated open and shallow beaches. Littoral habitats containing woody debris and leaf litter also might support higher primary and secondary productivity which provides fishes with more foraging opportunities on a larger variety of substrates (Benke et al., 1985; Crook & Robertson, 1999) . Relationships between fish structure and macroinvertebrate assemblages have been associated with habitat heterogeneity (Angermeier & Karr, 1984) . Although we did not evaluate communities of small invertebrates in this study, it was apparent that vegetated patches contained a high abundance of shrimps and other macroinvertebrates.
In summary, vegetated patches along morichal Caño La Guardia are suitable for a large number of species with a wide range of trophic strategies and life histories (Machado-Allison, 1990; Winemiller, 1989) . Since this research was conducted only during the dry season, further research may reveal additional temporal patterns of fish utilization of morichales. Our results suggest that conservation of morichal ecosystems may be an essential part of the conservation of fish assemblages in the Neotropics. 
